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Appendix A 
Mark Ups for Claim Amendments 

1 . (Amended) A method for the computer-aided determination of a measure of 
5 similarity between a first structure and at least one predetermined second 

structure, comprising the steps of: 

defining [ - i n wh i ch i n e ach eas e l at least one base element [ is d e fin e d] for 
{the} said first structure and {the} said second structure^}; 
[ - in wh i ch] assigning surroundings-related information [ is as s i gn e d] to each 
10 of {the} said at least one base elements, said f - i n which th e ] surroundings- 

related information [ch a ract e r i z es th e ] characterizing a corresponding said 
base element ; andk 4 

[- in wh i ch th e ] determining a measure of similarity, which describes [the] a 
similarity between {the} said first structure and {the} said second structure, {is 
15 d e t e rm i n e d] for {the} said first structure and {the} said second structure, said 

[a nd 

- i n which th e ] measure of similarity {is} being determined in a manner dependent on 
[th e ] said base elements and on {the} said surroundings-related information 
assigned to {the} said base elements. 

20 

2. (Amended) The method as claimed in claim 1, further comprising the step 
of including [cl ai m 1, 

i n which] a plurality of base elements [ar e contain e d i n th e s tructur es .] within said 
first structure or said second structure. 

25 

3. (Amended) The method as claimed in claim 1, further comprising the step 
of including said first structure and said second structure [c l a i m 1 or 2, 

i n wh i ch th e s tructur es a r e conta i n e d] in at least one map. 

30 4. (Amended) The method as claimed in [c l a i m 3,] claim 3, further comprising 
the step of recording a map which is one of said at least one map with a 
recorder. 

[ i n which th e map i s r e cord e d u si ng a r e cord i ng m e an s . 

35 5. (Amended) The method as claimed in claim 4, wherein said recorder is 

[c l a i m 4 , 

i n wh i ch th e map i s r e cord e d u si ng] a scanner. 

6. (Amended) The method as claimed in claim 4, wherein said recorder is 

40 [cl a im A, 

i n wh i ch th e map is r e cord e d us i ng] a camera. 

7. (Amended) The method as claimed in claim 1 , wherein said step of 
determining a [on e of c lai ms 1 to 6, 
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i n wh i ch th e ] measure of similarity is [d e t e rm i n e d on th e ba s i s of] encompasses a 
plurality of base elements and {tftel their respectively assigned surroundings- 
related information [th e r e of] . 

5 8. (Amended) The method as claimed in claim 1. wherein [on e of claims 1 to 7, 
i n wh i ch] at least a portion of [th e ba se ele m e nt s is i n e ach ca se ] said at least one 
base element is a line of predeterminable form. 

9. (Amended) The method as claimed in claim 8, wherein [c l a i m 8, 

io i n wh i ch] at least a portion of [th e bas e ele m e nts is in ea ch ca se ] said at least one 
base element is a section. 

1 0. (Amended) The method as claimed in claim 1, wherein [on e of cla i m s 1 to 7, 
i n wh i ch] at least a portion of [th e ba se ele m e nt s i s in ea ch ca se ] said at least one 

15 base element is a point. 

1 1 . (Amended) The method as claimed in claim 1. further comprising the step 
of forming said [on e of cla i ms 1 to 10, 

i n wh i ch the ] surroundings-related information [ is form e d] by further base elements 
20 and {the} their geometrical arrangement [th e r e of] relative to {the} said at 

least one base [ ele m e nt s .] element. 

1 2. (Amended) The method as claimed in claim 1, wherein [on e of c lai ms 1 to 
25 in wh i ch th e ] base elements have different forms. 

1 3. (Amended) The method as claimed in claim 3, further comprising the step 
of forming [on e of c lai ms 1 to 12, 

in wh i ch] at least a portion of {the} said surroundings-related information [ is form e d] 
30 in such a way that it is invariant with respect to errors which occur when 

constructing {the} said at least one map. 

14. (Amended) The method as claimed in claim 11, further comprising the 
step of grouping [on e of c lai ms 1 1 to 1 3, 

35 i n wh i ch th e ] further base elements [ar e group e d] into a plurality of surroundings- 
related information types containing surroundings-related information features which 
are each assigned to a surroundings-related information 

15. (Amended) The method as claimed in claim 14, further comprising the 
40 steps of: 

sorting said surroundings-related information features assigned to a 
surroundings-related information type in a predeterminable manner in a 
list; and 

storing said sorted said surroundings-related information features. 

45 [ i n wh i ch th e surround i ngs - re l ated i nformation f e atur e s assign e d to a 

s urroundings - r el at e d i nformat i on type are s tor e d hav i ng b ee n s ort e d i n a 
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pr e d e t e rm i nab le mann e r i n a lis t.] 

16. (Amended) The method as claimed in claim 1, wherein said [on e of 
c lai m s 1 to 15, 

5 in wh i ch th e ] measure of similarity is [form e d by m e ans of] determined with 
dynamic programming. 

1 7. (Amended) The method as claimed claim 1, further comprising the step of 
operating on [ i n on e of cla i m s 1 to 16, 

10 i n wh i ch th e m e thod is c a rr ie d out for] a plurality of further structures, a measure of 
similarity between {the] said first structure and a respective further structure 
being determined in each case. 

18. (Amended) The method as claimed in claim 17, further comprising the 
15 step of implementing said method [c la im 17, 

i n wh i ch th e m e thod i s carr ie d out] repeatedly for different base elements, thus 
forming a plurality of measures of similarity [th e r e by b ei ng form e d] . 

1 9. (Amended) The method as claimed in [c l aim 17 or 18,] claim 17, further 
20 comprising the steps of: 

[ - i n wh i ch th e I selecting base elements of {the} said first structure and of 
{the} said further structures which have the greatest correspondence {a*=e 
se l e ct e d,]; 

[- i n wh i ch] forming a local coordinate system {is} in each case [form e d] 
25 proceeding from {the} said selected base [ ele m e nt] elements in each 

structure^; 

[ - i n which] forming a mapping measure [ i s form e d] in a manner dependent 
on {the} a mapping of {the} said coordinate system of {the} said first structure 
onto {the} a coordinate system of {the} said second structure^}; 
30 [- in which th e ] determining a structure which has the smallest mapping 

measure [ is d e t e rm i ned] in a manner dependent on {the} said mapping 
measure. 

20. (Amended) The method as claimed in claim 19, wherein said [c l a i m 19, 
35 i n which th e ] mapping measure describes a rotation of {the} said local coordinate 

system from {the} said first structure onto {the} said respective further 
structure. 

21 . (Amended) The method as claimed in claim 1, wherein said first structure 
40 or said second structure describes [on e of c l aims 1 to 20. 

i n wh i ch th e s tructur es d e scr i b e ] data structures in a database. 

22. (Amended) The method as claimed in claim 1, wherein said first structure 
or said second structure describes [on e of c lai m s 1 to 20. 

45 i n which th e s tructur es e ach d e scr i b e ] a physical object. 
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23. (Amended) The method as claimed in claim 1, wherein said [on e of 
cla i m s 1 to 20, 

i n wh i ch th e ] first structure describes a physical object and {the} said second 
structure describes a model of a physical object. 

24. (Amended) The method as claimed in claim 1, further comprising the step 
of determining [on e of c l a i m s 1 to 20, 

u se d for t he d e t e rm i n a t i on of ] a map for a mobile autonomous apparatus. 

25. (Amended) The method as claimed in claim 1, further comprising the step 
of orientating [on e of cla i m s 1 to 20 t 

u se d for th e or ie ntat i on of ] a mobile autonomous apparatus. 

26. (Amended) The method as claimed in claim 24, wherein said [c l a i m 2 4 or 




2§r 

i n wh i ch th e ] mobile autonomous apparatus is a robot. 

27. (Amended) An arrangement for the computer-aided determination of a 

measure of similarity between a first structure and at least one predetermined 
second structure, comprising: 
a processor configured to: 

define at least one base element for said first structure and said 
second structure; 

assign surroundings-related information to each base element, 
said surroundings-related information characterizing a corresponding 
base element; and 

determine a measure of similarity, which describes a similarity 
between said first structure and said second structure, for said first 
structure and said second structure, said measure of similarity being 
determined in a manner dependent on said at least one base element 
and on said surroundings-related information assigned to said 
respective base elements. 

28- (Amended) The arrangement as claimed in claim 27, wherein a plurality 
of base elements are contained in said first structure or said second 
structure. 

29. (Amended) The arrangement as claimed in claim 27, wherein said first 
structure or said second structure is contained in at least one map. 

30. (Amended) The arrangement as claimed in claim 29, further comprising 
a recorder for recording said at least one map. 

31. (Amended) The arrangement as claimed in claim 30, wherein said 
recorder is a scanner. 
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32. (Amended) The arrangement as claimed in claim 30, wherein said 
recorder is a camera. 

33. (Amended) The arrangement as claimed in claim 27, wherein said 
5 measure of similarity is determined based on a plurality of base 

elements and their respectively assigned surroundings-related 
information. 

34. (Amended) The arrangement as claimed in claim 27, wherein said 

10 processor is configured to operate on said at least one base element 

that is a line of predeterminable form, 

35. (Amended) The arrangement as claimed in claim 34, wherein said 
processor is configured to operate on at least a portion of said at least 

15 one base element that is a section- 

SB. (Amended) The arrangement as claimed in claim 27, wherein said 

processor is configured to operate on at least a portion of said at least 
one base element that is a point. 

20 

37. (Amended) The arrangement as claimed in claim 27, further comprising: 
further base elements and their geometrical arrangement relative to said 
base elements that form said surroundings-related information. 

25 38. (Amended) The arrangement as claimed in claim 27, wherein said 

processor is configured to operate on base elements having different 
forms. 

39. (Amended) The arrangement as claimed in claim 27, wherein said 
30 processor is configured to operate on at least a portion of said 

surroundings-related Information that is formed in such a way that it is 
invariant with respect to errors which occur when constructing a map. 

40. (Amended) The arrangement as claimed in claim 37, wherein said 

35 processor is configured to operate on said further base elements that 

are grouped into a plurality of surroundings-related information types 
containing surroundings-related information features which are each 
assigned to a surroundings-related information type. 

40 41. (Amended) The arrangement as claimed in claim 40, further comprising: 
a memory, in which said surroundings-related information features 
assigned to a surroundings-related information type are stored having 
been sorted in a predeterminable manner in a list. 
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42. (Amended) The arrangement as claimed in claim 27, wherein said 

processor is configured to utilize dynamic programming to form said 
measure of similarity. 

5 43- (Amended) The arrangement as claimed in claim 27, wherein said 

processor is configured to process a plurality of further structures, a 
measure of similarity between said first structure and a respective 
further structure being determined in each case. 

10 44, (Amended) The arrangement as claimed in claim 43, wherein said 

processor operates repeatedly on different base elements, and forms a 
plurality of respective measures of similarity. 

45. (Amended) The arrangement as claimed in claim 43, wherein said 
15 processor is configured to: 

select base elements of said first structure and of said further structures 
which have the greatest correspondence; 

form a local coordinate system in each case proceeding from said 
selected base element in each structure; 
20 form a mapping measure in a manner dependent on a mapping of said 

coordinate system of said first structure onto said coordinate system of 
said second structure; and 

determine a structure which has the smallest mapping measure in a 
manner dependent on said mapping measure. 

25 

46. (Amended) The arrangement as claimed in claim 45, wherein said 
mapping measure describes a rotation of said local coordinate system 
from said first structure onto a respective further structure. 

30 47. (Amended) The arrangement as claimed in claim 27, wherein said 
structures describe data structures in a database. 

48. (Amended) The arrangement as claimed in claim 27, wherein said 
structures each describe a physical object. 

35 

49. (Amended) The arrangement as claimed in claim 27, wherein said first 
structure describes a physical object and said second structure 
describes a model of a physical object. 

40 50. (Amended) The arrangement as claimed in claim 29, wherein said map is 
utilized for a mobile autonomous apparatus. 

51. (Amended) The arrangement as claimed in claim 29, wherein said 
arrangement orients a mobile autonomous apparatus. 

45 
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52. (Amended) The arrangement as claimed in claim 50. wherein said 

[h a v i ng a proc ess or wh i ch is se t up i n s uch a way th a t th e fo ll ow i ng s t e p s c a n b e 
carr ie d out: 

- i n ea ch c ase at le ast on e b ase ele m e nt i s d e f i n e d for th e fir s t s tructur e and th e 
5 se cond s tructur e , 

- s urround i ngs - r el at e d informat i on is a ssi gned to e ach of th e ba se ele m e nt s , 

- th e s urround i ngs - r el at e d information charact e r i z es th e corr es pond i ng bas e 
ele m e nt, 

- th e m e a s ur e of s im il ar i ty, wh i ch d es crib es th e si m il ar i ty b e tw ee n th e fir s t s tructur e 
10 and th e se cond s tructur e , i s d e t e rm i n e d for th e fir s t s tructur e and th e se cond 

s tructur e , and 

- th e m e a s ur e of si m il ar i ty i s d e t e rm i n e d in a mann e r d e pend e nt on th e ba se 
ele m e nt s a nd on th e s urround i ng s- r e l a t e d i nform a t i on a ssi gn e d to th e b ase 
ele m e nts. 

15 

28. Th e arrangem e nt a s c lai m e d in c l a i m 27, 

i n which a plura li ty of bas e ele m e nt s ar e contain e d in th e structur e s. 

29. Th e arrang e m e nt a s c lai m e d i n c l a i m 27 or 28, 

20 i n wh i ch th e structur e s ar e contain e d i n a t lea st on e map. 

30. Th e arrang e m e nt a s c la im e d i n c l a i m 29, 
h a ving a r e cord i ng m e an s for recording th e m a p. 

25 31. Th e arrang e m e nt as claim e d in claim 30, 
h a v i ng a s cann e r for r e cord i ng th e map. 

32. Th e arrang e m e nt as cla i m e d i n c l a i m 30, 
hav i ng a cam e r a for r e cord i ng th e m a p. 

30 

33. Th e arr a ng e ment a s c l a i med i n on e of c l a i m s 27 to 32, 

in wh i ch th e m eas ur e of s i m il ar i ty is d e t e rm i n e d o n th e b a s i s of a p l ur a l i ty of bas e 
ele m e nt s and th e r e sp e ct i v e ly assign e d surround i ngs - r ela t e d information th e r e of. 

35 34. Th e arr a ng e m e nt a s c l aim e d i n on e of c l a i m s 27 to 33, 

in which th e proc ess or is se t up i n s uch a w a y th a t at lea st a port i on of th e ba se 
e l e m e nt s i s i n ea ch ca se a l in e of pr e d e t e rm i n a b le form. 

35. Th e a rr a ng e m e nt as c l a i med i n c l a i m 34, 

40 i n which th e proc e ssor i s s e t up i n s uch a way that at leas t a port i on of the b ase 
ele m e nt s i s i n e ach c ase a se ction. 

36. Th e arrang e m e nt as c lai m e d i n on e of claims 27 to 35, 

i n wh i ch th e proc ess or is se t up i n s uch a way that a t l eas t a port i on of th e b ase 
45 ele m e nt s i s i n e ach cas e a po i nt. 
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37. Th e arrang e m e nt as c l a i m e d i n on e of c l aim s 27 to 36, 

i n wh i ch th e s urround i ngs - r el at e d inform a t i on i s form e d by furth e r ba se e l e m e nt s 
and th e g e om e tr i ca l a rrang e m e nt th e r e of r ela t i v e to th e b ase e l e m e nt s . 

5 38. Th e arrang e m e nt a s c l a i m e d i n on e of cl ai m s 27 to 37, 

i n wh i ch th e proc e ssor is se t up i n s uch a way th a t th e ba se e l e m e nt s h a v e d i ff e r e nt 
form s . 

39. Th e arrang e m e nt as c lai m e d in on e of c la im s 27 to 38, 

10 in wh i ch th e proc e ssor i s s e t up i n such a way th a t at l e ast a port i on of th e 

s urround i ng s- r el at e d i nformation is form e d i n s uch a way th a t i t i s i nvar i ant w i th 
r es p e ct to e rror s wh i ch occur wh e n con s truct i ng th e m a p. 

40. Th e arrang e m e nt a s c l a i m e d in on e of c l a i m s 37 to 39, 

15 i n wh i ch th e proc es sor i s s e t up i n such a way th a t th e furth e r bas e ele m e nt s ar e 
group e d i nto a p l ur ali ty of surround i ng s- r el at e d i nformat i on typ es conta i ning 
s urround i ng s- r el at e d i nform a tion f e atur es wh i ch ar e ea ch assi gn e d to a 
s urround i ng s- r el at e d i nformat i on typ e . 

20 4 1. Th e arrang e m e nt as c l a i m e d i n c l aim 40, 

in which th e proc ess or is s e t up i n such a way th a t th e s urround i ng s- r ela t e d 
inform a t i on f e atur es as si gn e d to a s urround i ng s- r ela ted i nformation typ e a r e s tor e d 
having b ee n s ort e d i n a pr e d e t e rm i nab le mann e r i n a li s t. 

25 A 2. Th e arrang e m e nt as c l aim e d in on e of c la ims 27 to 41 , 

i n wh i ch th e proc es sor is se t up i n s uch a way th a t th e m e a s ur e of s im il ar i ty is 
form e d by m e an s of dynam i c progr a mming. 

A3. Th e arrang e m e nt as c l aim e d in on e of c l aim s 27 to A2, 
30 i n which th e proc e ssor i s s e t up i n such a way that th e m e thod i s carri e d out for a 
p l ura li ty of furth e r s tructur e s, a m e asur e of si m i lar i ty b e twe e n th e fir s t s tructure a nd 
a r es p e ct i v e furth e r s tructur e b ei ng d e t e rm i ned i n ea ch ca se . 

AA. Th e arrang e m e nt as c l aim e d in cla i m A3, 
35 in wh i ch th e proc e ssor i s s e t up i n such a way that th e m e thod is carr ie d out 

r e p e at e dly for diff e rent ba se ele m e nt s , a plura li ty of m eas ur es of si mi l ar i ty th e r e by 
be i ng form e d. 

45. Th e arrang e m e nt a s c l aim e d in cla i m A3 or AA, 
40 in which th e proc e ssor i s s e t up i n such a way that 

- th e bas e ele m e nts of th e fir s t structur e and of th e furth e r s tructur es wh i ch hav e th e 
gr e at e st corre s pond e nc e a r e s ele ct e d, 

- a l ocal coord i n a t e s y s t e m i s i n ea ch ca se form e d proc ee d i ng from th e s el ect e d 
b ase ele m e nt i n e ach structur e , 
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- a mapp i ng m e a s ur e is form e d in a mann e r d e p e nd e nt on th e mapp i ng of th e 
coord i nat e s y s t e m of th e fir s t s tructur e onto th e coord i n a t e s y s t e m of th e se cond 
s tructur e , 

- th e s tructur e wh i ch h as th e s m alles t mapping m e a s ur e is d e t e rm i n e d i n a m a nn e r 
5 d e p e nd e nt on th e mapp i ng m e a s ur e . 

46. Th e arr a ng e m e nt as cla i m e d i n c lai m 45, 

i n which th e proc ess or is se t up i n s uch a way that th e mapping m e a s ur e d e scr i b e s 
a rot a tion of th e l oc al coord i nat e s y s t e m from th e fir s t s tructur e onto th e r e sp e ct i v e 
10 furth e r s tructur e . 

47. Th e arrang e m e nt as c l aim e d i n on e of c l a i m s 27 to 46, 

i n wh i ch th e proc ess or is se t up i n such a way that th e s tructur es d e scr i b e data 
s tructur es i n a d a t a ba se . 

15 

4 8. Th e arrangem e nt a s c l a i m e d i n on e of c l aim s 27 to 4 6, 

i n wh i ch th e proc e s s or is se t up i n s uch a way th a t th e s tructur es e ach d es cr i b e a 
phys i ca l obj e ct. 

20 49. Th e arrang e m e nt as c l a i m e d in on e of cla i ms 27 to 4 6, 

i n wh i ch th e proc ess or is se t up i n s uch a way th a t th e fir s t s tructur e d e scr i b e s a 
phy si c al obj e ct a nd th e s e cond s tructur e d es cr i b es a mod el of a phy si c al obj e ct. 

50. Th e arrang e m e nt a s cla i m e d i n on e of c lai m s 27 to 46, 

25 us e d for th e d e t e rm i nat i on of a map for a mob ile a utonomous a pp a ratu s . 

51 . Th e a rr a ng e m e nt as cla i m e d in on e of c lai m s 27 to 50, 
u se d for th e ori e ntation of a mob i l e autonomou s apparatus. 

30 52. Th e arrang e m e nt as cla i m e d in claim 50 or 51 , 

i n wh i ch th e ] mobile autonomous apparatus is a robot. 
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rD e scr i ptionl SPECIFICATION 

[M e thod and arr a ng e m e nt fo r th e d e t e rmin a t i on of a m ea sur e of si mi l ar i ty b e tw ee n a 
first s tructur e and a t le a s t on e pr e d e t e rm i n e d se cond s tructur e ] TITLE 
METHOD AND ARRANGEMENT FOR THE DETERMINATION OF A MEASURE 
OF SIMILARITY BETWEEN A FIRST STRUCTURE AND AT LEAST ONE 
PREDETERMINED SECOND STRUCTURE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

1 The invention relates to {the} a computer-aided determination of a measure of 
similarity between a first structure and at least one predetermined second structure. 

Description of the Related Art 

2 Such a method is disclosed in ££4fl M. Bierling, Displacement Estimation by 
Hierarchical Blockmatching, SPIE, Vol. 1001, Visual Communications and 
image Processing '88, pp. 942 - 951, 1988 (Bierling) . In this image processing 
method, in the context of a motion estimation between two chronologically 
successive images for an image block to be coded, in the chronologically preceding 
image, an image area is sought which is as similar as possible to the image block to 
be coded. This is done by determining a sum of the square differences of the pixel- 
assigned coding information (brightness value or color value) of the pixels of the 
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image block to be coded and of the pixels in an investigated area in the 
chronologically preceding image. This means that for the comparison of two 
structures in this approach from {flfl Bierlinq , the entire first structure ffflan image 
block to be coded) is compared with a second structure ffflan area in the 
5 chronologically preceding image) in its entirety. 

3 This procedure is extremely costly with regard to the memory space required 
for storing the structures, and also with regard to the computing time required for 
determining the measure of similarity (in this case, the measure of similarity is the 

10 sum of the square differences). 

4 The following procedure is disclosed in f{2]} O. Karch and H. Noltemeier. 
Autonome Mobile Systeme (Autonomous Mobile Systems) 1996, G. Schmidt 
and F. Freyberqer, (Eds.), Zum Lokalisationsproblem fur Roboter [Regarding 

is the Localization Problem for Robots], Springer Verlag, ISBN 3-54061-751-5, 
pp. 128 - 137, 1996 (Karch & Noltemeier) : for the comparison of a structure, the 
elements of the structure are interpreted as polygonal progressions and the 
polygonal progressions are compared in their entirety, including the consideration 
of angles between interconnected elements of the polygonal progressions [b e ing 

20 tak e n i nto account. 

5 This approach [man i f e sts — the d i sadvantag e , m p a rt i cu l ar,] is 

25 disadvantageous, particularly in that it is not robust relative to recordings made by 

a robot for its orientation in a predetermined space. The space is in this case 
represented by a predetermined, stored map. 

6 If some elements of the polygonal progression are not recorded by the robot, 
30 then the method disclosed in {[2]} Karch & Noltemeier is not robust enough to lead 

to results of sufficient quality. Moreover, the [[lacuna]] procedure for the comparison 
of the recorded image with the map in order to compare structures with one another 
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is extremely computationally intensive. 
SUMMARY OF THE INVENTION 

7 Consequently, the invention is based on the problem of determining a 
5 measure of similarity between a first structure and at least one predetermined 
second structure which is robust with respect to possible recording errors and can be 
carried out more rapidly, with less computation time being required, than the known 
methods. 

10 8 The problem is solved by [means of th e m e thod i n accord a nc e w i th pat e nt 
c l aim 1 and a ls o by m ea n s of th e arr a ng e m e nt i n accordanc e w i th pat e nt c l aim 27. 

la method for the computer-aided determination of a measure of similarity 
between a first structure and at least one predetermined second structure, 

is comprising the steps of: defining at least one base element for said first 
structure and said second structure; assigning surroundings-related 
information to each of said at least one base elements, said surroundings- 
related information characterizing a corresponding said base element; and 
determining a measure of similarity, which describes a similarity between said 

20 first structure and said second structure, for said first structure and said 
second structure, said measure of similarity being determined in a manner 
dependent on said base elements and on said surroundings-related 
information assigned to said base elements. 

25 9 The problem is also solved by an arrangement for the computer-aided 
determination of a measure of similarity between a first structure and at least 
one predetermined second structure, comprising a processor configured to: 
define at least one base element for said first structure and said second 
structure; assign surroundings-related information to each base element, said 

30 surroundings-related information characterizing a corresponding base 
element: and determine a measure of similarity, which describes a similarity 
between said first structure and said second structure, for said first structure 
and said second structure, said measure of similarity being determined in a 
manner dependent on said at least one base element and on said 

35 surroundings-related information assigned to said respective base elements. 
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10 In the case of the method, in each case at least one base element is defined 
for the first structure and the second structure. Surroundings-related information is 
assigned to each of the base elements, which surroundings-related information 

5 characterizes the corresponding base element. The measure of similarity, which 
describes the similarity between the first structure and the second structure, is 
determined for the first structure and the second structure. The measure of similarity 
is determined in a manner dependent on the base elements and on the 
surroundings-related information assigned to the base elements. 

10 

11 The arrangement has a processor which is set up in such a way that the 
following steps can be carried out: 

in each case* at least one base element is defined for the first structure and 
the second structure, 

is - surroundings-related information is assigned to each of the base elements, 

the surroundings-related information characterizes the corresponding base 
element, 

the measure of similarity, which describes the similarity between the first 
structure and the second structure, is determined for the first structure and the 
20 second structure, and 

the measure of similarity is determined in a manner dependent on the base 
elements and on the surroundings-related information assigned to the base 
elements. 

25 12 The invention is distinguished by the fact that, compared with the prior art, 
considerably less computation time is required for carrying out the determination of 
the measure of similarity, and also by increased robustness with respect to possible 
sensor errors or modeling errors. 

30 13 Preferred developments of the invention [ e m e rg e from th e d e p e nd e nt claim s . 

l are described below. 
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14 The structures may be contained in a map which is recorded as a scene from 
the surroundings using a recording [m ea n s ] device , for example a laser scanner or a 
camera. In this case, it is necessary to compare the recorded structures with a 
stored map in order [thu s ] to perform orientation or to construct a map which can be 
used for orientation. The accuracy of the method is increased if the measure of 
similarity is determined on the basis of a plurality of base elements and {the] their 
respectively assigned surroundings-related information [th e r e of] . A further 
refinement of the invention provides for at least a portion of the base elements to be 
a line, a section or [ e ls e ] a point. The surroundings-related information may be 
formed by further base elements and the associated geometrical arrangement 
[th e r e of] relative to the base elements. The base elements may have different 
forms. 

15 A development of the invention [wh e reby] in which at least a portion of the 
surroundings-related information is formed in such a way that it is invariant with 
respect to errors which occur when constructing the map has the effect of achieving 
a further qualitative improvement in the results. A further simplification of the 
invention can be achieved in that, in a preferred development, the further base 
elements are grouped into a plurality of surroundings-related information types 
containing surroundings-related information features which are each assigned to a 
surroundings-related information type. The surroundings-related information 
features assigned to a surroundings-related information type may be stored having 
been sorted in a predeterminable manner in a list. The sorting can be carried out in 
such a way that it is invariant with respect to the errors - explained above - when 
constructing the map. 

16 The measure of similarity is preferably determined by [m ea ns] way of 
dynamic programming. The structures may each describe a physical object, for 
example a recorded space, or else a recorded scene, and also, by way of example 
walls, doors, or any other objects. In an alternative embodiment , it is likewise 
possible for the first structure to describe a physical object and the second structure 
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to describe a model of a physical object. Furthermore, the structures may represent 
data structures in a database. The invention can preferably be used for the 
orientation of a mobile autonomous apparatus or else for the determination of a map 
for the orientation of [sa i d] the apparatus. In a preferred development, the 
autonomous apparatus is a robot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

17 Exemplary embodiments of the invention are illustrated in the figures and are 
explained in more detail below. 

[ I n th e figur e s,] 

Figures 1a and 1b [show a sk e tch of] are schematic diagrams showing a 
passageway in which a robot is intended to orient itself 
[(figur e 1a)1 (Figure 1a) , and also a symbolic sketch of the recordings of 
the robot and its conversion into a map, an error in the determination of 
the map and its effects on the mapping of the passageway relative to the 
actual passageway from [figur e 1 a ] Figure 1a being illustrated 
[(figur e 1b)1 (F8gure 1b) ; 

Figure 2 [show s a sk e tch of] is a schematic diagram illustrating a robot with 
recording [m e an s ] device ; 

Figures 3a to 3c [ s how s k e tch es ] are diagrams illustrating, in each case {0% a 
base element with different surroundings-related information types and 
surroundings-related information features; 

Figure 4 [ s how s a sk e tch] is a schemati diagram illustrating an application of the 
method, in which a structure represents a model of a physical object; and 



Figure 5 [ s how s a f l ow diagram] is a flowchart illustrating method steps of an 
exemplary embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

18 Figure 2 shows a robot 201 with a plurality of laser scanners 202. The laser 
scanners 202 record images of the surroundings of the robot 201 and feed the 

5 images to a computing unit 203 via connections 204, 205. 

19 The image signals are fed to a memory 208 via an input/output interface 206, 
which is connected via a bus 207 to the memory 208 and also to a processor 209. 

10 20 The method described below is carried out in the processor 209fr 
Con se qu e ntly, th e proc e ssor 209 i s se t up i n such a w a y th a t ] that is configured to 
carry out the method steps described below [can b e carr ie d out. 

15 

21 Figure 1a symbolically shows a map 101 representing a passageway 102. 
The robot 201 moves through the passageway and records images of its 
surroundings using the laser scanners 202. It records walls 103 in the process. The 
robot 201 records images of its surroundings at different times, producing an image 

20 of the entire map 101 [th e r e by b ei ng produc e d. 

L 

22 In the passageway 102 there are [ , mor e ov e r,] also obstacles 104 in the form 
25 of shelves [or el s e k cabinets A or similar items which project into the passageway 

102. Corners 105, 106, 107 of the passageway 102 are interpreted as the starting 
point and [ e nd] ending point of a wall, which is stored in the form of a section 
segment. 

30 23 Figure 1b illustrates the map from figure 1a, not when ideal recordings are 
made, as is assumed in the case of the situation illustrated in figure 1a, but when 
errors happen in the course of the recording by the robot 201 . 
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24 The robot 201 moves in the passageway 102 and records images of its 
surroundings at periodic intervals. The robot 201 orients itself on the basis of the 
recorded images and also of the stored map 1 01 . 

5 

25 The orientation takes place in such a way that the robot 201 feeds the images 
to the processor 209. In the processor 209, a similarity comparison of elements of 
the recorded image with elements of the stored, predetermined map 101 is 
determined and an attempt is made to determine from this the present position of the 

10 robot 201. 

26 The robot 201 is situated at a position 110 and records an image area 111 
using its laser scanner. It attempts to match [said] this image area 1 1 1 to the stored 
map 101 in order [thus] to determine information for its orientation. This corresponds 

is to the comparison of a first structure, which characterizes the recorded image area 
111, with at least one predetermined second structure from the predetermined, 
stored map 101 . 

27 The following method, which is illustrated in [figure 5] Figure 5 , is carried out 
20 for this purpose. In a first step 501, base elements are extracted from the recorded 

image 111 by the processor 209. A base element is to be understood as a section 
having a starting point and an end point, which in each case represents a wall in the 
passageway 102. Further base elements are points or lines of predeterminable form. 
The extraction is effected using known image processing methods. 

25 

28 After the extraction of the base elements, the image is present^} and is 
symbolically represented by a set of defined base elements. Surroundings-related 
information is assigned to each base element. The surroundings-related information 
characterizes the corresponding base element and enables the identification of the 

30 respective base element within a set of all the base elements. 

29 Such a base element 301 with surroundings-related information 302 assigned 
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to the base element is illustrated in each case in figure 3a to figure 3c. The 
surroundings-related information is formed by a set of further base elements and 
{the} their geometrical arrangement [th e r e of] relative to one another and also to the 
base element 301 itself. The surroundings-related information assigned to the base 
s element 301 is formed in such a way that it is {as far as possible) invariant with 
respect to errors which can occur when the map 101 is constructed by the robot 201 . 
A [ I t ha s b ee n found that a] pair of orthogonal base elements in the form of sections 
are particularly well suited to the method. In this case, [ i t s hou l d b e not e d th a t] exact 
orthogonality of the base elements is not important f, rath e r a l —some tolerance can 
10 readily be accepted. 

30 The surroundings-related information assigned to the base element 301 is the 
distance between the points of intersection of the parallel base elements with the 
base element 301 , designated by Dx in Figure 3a. A [figur e 3a. 

15 

Furth e rmor e , a ] first angle W1, which denotes an angle of intersection of a first 
further base element 303, having a length L1, with the base element 301, is stored 
as surroundings-related information. Furthermore, a second angle W2, which 
denotes an angle of intersection of the second further base element 304 with the 
20 base element 301, and also the length L2 of the second further base element 303 
are assigned to the base element 301 as surroundings-related information. Further 
surroundings-related information assigned to the base element 301 is an indication 
of the starting point and/or of an [ e nd] ending point and thus also an orientation in 
each case of the first and/or second base element 303, 304. 

25 

31 The surroundings-related information is stored as a list assigned to the base 
element 301. The list is sorted in a predeterminable manner. The pair of orthogonal 
base elements, as illustrated in [figur e 3a] Figure 3a as surroundings-related 
information, forms a surroundings-related information type. The above-described 

30 individual elements assigned to the base element 301 as surroundings-related 
information form surroundings-related information features which are each assigned 
to the surroundings-related information type. 
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32 A second surroundings-related information type is a further base element 310 
parallel to the base element 301 (cf. [f i gur e 3b)] Figure 3b) . Once again, exact 
parallelism of the further base element 310 with respect to the base element 301 is 
5 not necessary. A distance Dy between the base element 301 and the further, parallel 
base element 303 and also a third angle W3, between the exact parallel line 31 1 with 
respect to the first base element 301, shifted by the distance Dy, and the actual 
position of the further, parallel base element 310 are stored as surroundings-related 
information features. 



33 Figure 3c shows a further surroundings-related information type in the form of 
points 320, 321, which denote points of a line structure 322 which lie the nearest to 
the base element 301 . In this case, a distance between [ s aid] the points 320, 321 
(designated as Dz) and also the shortest distances N1, N2 of the points 320, 321 

is from the base element 301 are stored as surroundings-related information features. 

34 In the predetermined, stored map 101, surroundings-related information items 
are in each case assigned to the base elements in the same way. Consequently, the 
stored map 101 has a set of base elements with, in each case assigned to the base 

20 elements, surroundings-related information in the form of surroundings-related 
information types with surroundings-related information features assigned to the 
surroundings-related information types. 

35 Thus, in a second step 502, the surroundings-related information items are in 
25 each case assigned to the base elements contained in the image area 111 and also 

to the base elements contained in the map 101. For each base element 301, in a 
further step 503, a value of a measure of similarity (discussed below) is formed with 
all the further base elements. 



10 



30 { 



Th e m e a s ur e of si m i lar i ty i s e xp l a i n e d in mor e d e ta i l b el ow. 
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136 In this exemplary embodiment, it is assumed that a total value U of the 
surroundings-related information assigned in each case to the base element 301 is 
produced according to the following specification: 

5 U = (OP, P, MP), 

where 

- OP designates the surroundings-related information features which are formed by 
10 pairs of further base elements oriented perpendicularly to one another, 

- P designates the surroundings-related information features, formed by parallel base 
elements, and 

- MP designates the surroundings-related information features of the punctiform 
surroundings-related information types. 

15 

37 The surroundings-related information features are present in the form of 
sorted lists. 

Let 

20 

v:UxU->9^( 

be a formal definition of a comparison function. 

25 38 Using the comparison function v, a comparison value is calculated for a pair of 
surroundings-related information items assigned in each case to two base elements. 
The higher the comparison value, the better the two surroundings-related information 
features of the base elements correspond to one another. For the definition of the 
comparison function v, the following three functions vOP, vP, vMP are defined: 

30 

vOP:OPxOP->5R;| 
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vP:PxP->9*;| 
vMP:MPxMP^9?;,| 

5 

where vOP describes a comparison value for surroundings-related information 
features of the surroundings-related information type with perpendicular further base 
elements and, analogously vP describes a comparison value of surroundings-related 
information features of the surroundings-related information type with parallel base 
10 elements. vMP describes a comparison value which determines surroundings- 
related information features of the surroundings-related information type with points 
as surroundings-related information features. 

39 The comparison function v is defined as the weighted sum of the functions 
15 vOP, vP and vMP according to the following specification. 

v(U1 , U2) = aOP * vOP(OP1 , OP2) + aP * vP(P1 , P2) + aMP * vMP(MP1, MP2). 

40 [* vMP(MP1, MP2). 

20 

} The values aOP, aP and aMP in the numerical interval [0,1] are designated as 
weight values. 

41 With the weight values aOP, aP and aMP, account is taken of the different 
25 significances of the individual surroundings-related information types with regard to 
the measure of similarity. [ I t ha s b ee n found that th e ] The surroundings-related 
information type of the pairs of orthogonal further base elements OP has a greater 
meaningfulness with regard to the measure of similarity than the surroundings- 
related information type of the parallel further base elements P and the latter in turn 
30 has a greater meaningfulness than the surroundings-related information type with 
points as surroundings-related information features. 
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42 For each function vOP, vP, vMP a method of dynamic programming is in each 
case carried out for each base element and ftbej their surroundings-related 
information features [th e r e of, as a r e su l t of wh i ch] , resulting in the formation of an 

5 intermediate similarity [va l ue is form e d. 

h 

43 This is done in each case for each function vOP, vP, vMP using the following 
10 cost function Dj,j: 



Di, j = min- 



is 




where 



-f?} 5 designates a pre-determinable cost value which occurs if a surroundings- 
related information feature of the recorded image area cannot be assigned to a 
surroundings-related information feature of the stored map 101 , 



20 - fi = — |, where 



I 



n 



f 



-a= n 

k = l 



max^ 0,1- 



|ak, i — ak, j| 
MaxErrk 



i- 



25 44 In this case 

- k designates an index which unambiguously designates each surroundings-related 
information type which is taken into account in the context of the dynamic 
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programming, 

- n designates the number of base elements taken into account, 

5 - akj and akj designate the individual surroundings-related information features which 
are stored in the sorted list of the respective surroundings-related information types, 
a k ,j designating a surroundings-related information feature of a base element of the 
image area 111 and a^j designating a surroundings-related information feature of a 
base element of the map 101, and 

10 

- MaxErrkH designates a predeterminable value specific to each surroundings- 
related information type. 

45 The cost value 5 should be determined empirically in such a way that, for the 
15 given application, 

2 • 8 > ja if the assignment is correct, and 
\i > 2 - 5 if the assignment is not correct. 

20 46 The following ratio of the individual weight values [ha s b ee n found to b e ] is 
advantageous: 

aOP:aP : aMP = 3 : 2 : 1. 

25 47 The result of the comparison [fu cn ti on] function v forms a value of the 
measure of similarity which describes the similarity between the first structure in the 
image area 111 and the second structure in the map 101 (step 503). In a further 
step 504, the pair of base elements from the first structure and/or the second 
structure is selected^ ; the selected pair is that which [pa i r] has the highest value 

30 of the intermediate similarity value and is thus the most similar to one another. For 
the selected base elements, a canonical coordinate system is formed in the 
respective map, the abscissa of [which] this formed system is formed by the 

--14--MARK UP FOR SUBSTITUTE SPECIFICATION 




respective base element (step 505). 

48 In a further step 506 a mapping measure is subsequently determined. The 
mapping measure is used to determine, for the selected base elements, what 
s magnitude of a translation or rotation is necessary in order to map the coordinate 
system for the base element of the first structure in each case onto a coordinate 
system of a base element of a further structure. Thus, step 506 clearly determines in 
each case the extent to which the coordinate system of the selected base element of 
the first structure must be shifted or "rotated" in order to "match" the coordinate 
10 system of the selected base element of a respective further structure. The area 
selected in the predetermined map is that area whose mapping measure and/or 
whose measure of similarity is minimal compared with the coordinate system for the 
base element of the first structure. 

is 49 Proceeding from the selected base element, further base elements are 
selected in pairs (i.e.j in each case a base element of the first structure and a base 
element of the second structure), whose values of the measures of similarity are 
greater than a predeterminable threshold value. The robot 201 now knows where it 
is situated within the map 101 . Consequently, a final step 507H determines that 

20 area in the predetermined map 101 in which the robot 201 is situated [ is det e rm i n e d. 

L 

50 A number of alternatives to the exemplary embodiment described above are 
25 presented below: the [Th e ] method described above can also be used for the 
general comparison of two structures, for example A for the comparison of a recorded 
image with a model of a physical object. This can [On e e xamp le of th i s is to] be 
seen in {the} with a model of a door handle [, which door h a nd le ] that is to be gripped 
by the robot 201 . A model 401 of a door handle 402 is stored in the memory 208 of 
30 the computing unit 203 of the robot 201 . The structure comparison is effected in the 
manner described above, the scanner of the robot 201 recording images of its 
surroundings and searching for a structure which is similar to the structure of the 
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door-handle model 401. If such a structure is determined, then a gripping arm 403 of 
the robot 201 can grip the door handle 401 , which is fitted to a door 404. 

51 A further possibility for using the method is [to b e see n] in the field of 
5 databases. Databases likewise have a structure, in which the data are stored. 

Consequently, the structure of the stored database can clearly be compared with a 
sought structure in the manner described above, and, as a result of this geometrical 
interpretation of the structure of a database, it is possible to determine a segment of 
the database in order to ensure a high reliability of the search results in the database 
10 in the context of a search. 

52 Furthermore, the method can also be used for the progressive construction of 
the map 101 by the robot 201 . This method then serves for checking when the robot 
201 reaches a location where it has already been. In this case, the robot in each 

is case compares the recording of an image with the stored structure data of a map 
101 that is being constructed. 

53 The method can also generally be used in the context of pattern recognition or 
image processing, the computation time required for carrying out the method being 

20 considerably reduced compared with the known methods in pattern recognition. 

[Th e fol l ow i ng pub li cations wer e cit e d in th e cont e xt of this docum e nt: 

[1] M. B ie r li ng, Di s pl a c e m e nt E s timation by Hi e rarch i ca l B l ockmatch i ng, SP I E, Vo l . 
25 1001, V is ua l Commun i cations and I m a g e Proc ess ing ' 88, pp. 9A2 — 951, 1988 

[2] O. Karch a nd H. Nolt e m e i e r, Autonom e Mobi le Sy s t e m e [Autonomou s Mobil e 
Sy s t e m s ] 1996, G. Schmidt and F. Fr e yb e rger, (Eds.), Zum Loka lisa t i onsprob le m fur 
Robot e r [R e garding th e Local i z a t i on Problem for Robot s ], Spring e r V e rl a g, ISBN 3 - 
30 54 061 - 751 5, pp. 1 28 - 1 37, 1 996] 54 The above-described method and 
arrangement are illustrative of the principles of the present invention. 
Numerous modifications and adaptations thereof will be readily apparent to 
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those skilled in this art without departing from the spirit and scope of the 
present invention. 
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Abstract 

[M e thod and arrang e m e nt for th e d e t e rm i n a t i on of a m eas ur e of sim il ar i ty b e tw ee n a 
fir s t s tructure and at le a s t on e pr e d e t er min e d s e cond s tructur e 

In e ach ca se atl 55 At least one base element is defined for {the] structures, and 
surroundings-related information [b ei ng] js assigned to each of [ s a id ] these base 
elements. The surroundings-related information characterizes the corresponding 
base element. A measure of similarity is determined for the structures, the 
determination being effected in a manner dependent on the base elements and also 
on the surroundings-related information assigned to the base elements. 
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